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(54) MANUFACTURE METHOD OF COMPOUND SEMICONDUCTOR SINGLE CRYSTAL AND SINGLE CRYSTAL 
SUBSTRATE USING SUCH METHOD 

(57)Abstract 

PURPOSE: To provide a method for the manufacture of a III-V nitrogen compound semiconductor single crystal having 
such a thickness that it is capable of being divided in the direction of thickness for use, and a method for the 
manufacture of single crystal substrates using such a compound semiconductor single crystal. 

CONSTITUTION: A buffer layer is formed on a substrate, and a single crystal of compound semiconductor of a Hi-group 
typical element and nitrogen, is grown on the buffer layer by vapor phase epitaxial growth. This method for the 
manufacture of compound semiconductor single crystals uses a chloride of a ID-group typical element and NH3 for 
material gas, 1000-1200*' C for crystal growth temperature and five hours or longer for crystal growth time. This obtains 
a single crystal of a compound semiconductor of IE-group typical element and nitrogen, having a thickness of 500^m or 
above in the direction of crystal growth. The obtained single crystal of the compound semiconductor of the Hl-group 
typical element and nitrogen, is divided in the direction opposed to that of crystal growth to obtain single crystal 
substrates. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] a substrate top — a buffer layer — forming — this buffer layer top — vapor-phase-epitaxial-growth method the 
manufacture approach of this compound semiconductor single crystal of growing up the single crystal of the compound 
semiconductor of an III group typical element and nitrogen — it is — material gas — ** The chloride of an in group typical 
element, and NHS ** — the manufacture approach of the compound semiconductor single crystal characterized by 
carrying out. making crystal growth temperature into 1000 degrees C - 1200 degrees C. and making crystal growth time 
amount into 5 hours or more. 

[Claim 2] The manufacture approach of a compound semiconductor single crystal according to claim 1 that the compound 
semiconductor of an ni group typical element and nitrogen is GaN, and the chloride of this III group typical element is 
GaCI. 

[Claim 3] The manufacture approach of a compound semiconductor single crystal according to claim 1 that a substrate is 
a sapphire crystal substrate. 

[Claim 4] a vapor-phase-epitaxial-growth method — HVPE — law and MOVPE — law or MBE — the manufacture 
approach of the compound semiconductor single crystal according to claim 1 which is law. 

[Claim 5] It has the thickness of 500 micrometers or more in the crystal growth direction. Single crystal of the compound 
semiconductor of an III group typical element and nitrogen. 

[Claim 6] The GaN single crystal which has the thickness of 1mm or more in the crystal growth direction. 

[Claim 7] The manufacture approach of the single crystal substrate characterized by countering in the crystal growth 

direction and dividing a single crystal according to claim 5. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] To this compound semiconductor single crystal and pan which are obtained by the ingredient of a 
light emitting device etc. by the manufacture approach of a useful compound semiconductor single crystal, and its 
manufacture approach, this compound semiconductor single crystal in detail this invention about the manufacture 
approach of the single crystal substrate from this compound semiconductor single crystal It is related with what is the 
compound semiconductor of an m group typical element and nitrogen. 
[0002] 

[Description of the Prior Art] The compound semiconductor which consists of an III group's typical element and nitrogen is 
known as a semiconductor material useful to a light emitting device etc. from 2 yuan things, AIN, GaN, etc., to pluralism 
things, such as InAIBN, InGaBN, InGaAIN, InGaAIBN, etc. which are the mixed crystal of such arbitration, (the followings 
and these compound semiconductors, i.e., the 2 yuan compound semiconductor of an HI group typical element and 
nitrogen, — and — among these — since — the compound semiconductor single crystal of the plural mixed crystal with 
which it comes to choose one or more things is called "an in-V group's nitrogen system compound single crystal".) 
For example, the above Since the typical GaN single crystal of an in-V group's nitrogen system compound single crystal 
has direct transition mold band structure, possible [ efficient luminescence ], since the band gap in a room temperature is 
as large as about 3.4eV, it produces blue - ultraviolet luminescence, and is a suitable ingredient for the demand of a 
semiconductor device. However, since [ that this GaN system single crystal has high crystal growth temperature and ] the 
balanced dissociation pressure of the nitrogen near crystal growth temperature is high, it is very difficult to grow up a bulk 
single crystal from melt. 

[0003] On the other hand, as an approach of growing up the single crystal of GaN, ZnO was formed as a bufFer layer on 
silicon on sapphire, the method of growing up a GaN single crystal on it was proposed, and the quality of a GaN single 
crystal thin film improved by adoption of this approach in recent years. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the grid mismatching of GaN and ZnO still exists also by the above- 
mentioned approach. For this reason, the GaN single crystal obtained had the problem of being easy to damage having a 
defect on structure, and a mechanical strength being weak since the thickness of the growth direction is not enough, and 
a crack occurring in a GaN single crystal side moreover at the time of cooling after single crystal growth since the 
difference of the coefficient of thermal expansion by the side of a substrate is large etc. Therefore, in the conventional 
growth, even if it grew up the GaN single crystal of the shape of a wafer of about 300-micrometer thickness on the silicon 
on sapphire of several cm angle, while cooling to the room temperature, the crack arose, and even if large, only the GaN 
single crystal of the small area of 5x5mm angle extent was obtained. So, the above-mentioned problem will become 
remarkable as it large-area-izes a GaN single crystal, and it is a very serious problem. 

[0005] The single crystal which the purpose of this invention can avoid the breakage after growth also to not only a GaN 
single crystal but an III-V group's nitrogen system compound single crystal, and is obtained being able to use as an 
independent substrate is offering the manufacture approach of this single crystal that is so thick that it divides in the 
thickness direction and two or more independent substrates are obtained from the first. Other purposes of this invention 
have the thickness of 500 micrometers or more in the crystal growth direction. It is offering an III-V group's nitrogen 
systenn compound single crystal, and the GaN single crystal which has the thickness of 500 micrometers or more in the 
crystal growth direction especially. 
[0006] 

[Means for Solving the Problem] by the way. it sets under a Prior-art level — there being no need according to rank which 
grows up an III-V group's nitrogen system compound single crystal, especially GaN single crystal in the crystal growth 
direction on a large scale, and having various problems, such as breakage at the time of crystal growth, as further above- 
mentioned — conjointly — the enlargement to the crystal growth direction of an III-V group's nitrogen system compound 
single crystal — an attempt — the actual condition is that there was no motive according to rank made like, therefore, the 
stress which it is an III-V group's nitrogen system compound single crystal, and the good thing to which the thickness of 
the crystal growth direction exceeds 500 micrometers does not exist conventionally, and originates in the coefficient-of- 
thermal-expansion difference at the time of cooling by the conventional thickness — a GaN single crystal — damaging — 
very much — small — only the area thing was able to be obtained, the bottom of this situation — setting — this invention 
persons — for the first time — being concerned — thick dividing the nitrogen system compound single crystal of the thick 
in-V group who invents an III-V group's good nitrogen system compound single crystal, and establishes the manufacture 
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approach, and starts further — a crystal substrate — the yield — good — it can manufacture — in addition — and it 
found out that the crystal substrate of the large area of extent which was not able to be manufactured until now could be 
nnanufactured. Namely, this invention persons specify a vapor-phase-epitaxial-growth method out of the various crystal 
growth approaches, and are ** about material gas. It is ** by considering as the combination of the chloride of an m group 
typical elennent, and NH3, and specifying crystal growth temperature and crystal growth time amount. It succeeded in 
growing up an III-V group's nitrogen system compound single crystal on a large scale. 
[0007] This invention has the following descriptions. 

(Da substrate top — a buffer layer — forming — this buffer layer top — vapor-phase-epitaxial-growth method the 
manufacture approach of this compound semiconductor single crystal of growing up the single crystal of the compound 
semiconductor of an III group typical element and nitrogen — it is — material gas — The chloride of an HI group typical 
element, and NH3 ** — the manufacture approach of the compound semiconductor single crystal characterized by 
carrying out making crystal growth temperature into 1000 degrees C - 1200 degrees C, and making crystal growth time 
amount into 5 hours or more. 

(2) The compound semiconductor of an III group typical element and nitrogen is GaN, and it is The manufacture 
approach of a compound semiconductor single crystal given in (1) that the chloride of an m group typical element is GaCI. 

(3) The manufacture approach of a compound semiconductor single crystal given in (1) that a substrate is a sapphire 
crystal substrate. 

(4) a vapor-phase-epitaxial-growth method — HVPE — law and MOVPE — law or MBE ~ the manufacture approach of 
the compound semiconductor single crystal given in (1) which is law. 

Moreover, the compound semiconductor single crystal obtained by the manufacture approach of this invention has the 
following descriptions. 

(5) It has the thickness of 500 micrometers or more in the crystal growth direction. Single crystal of the compound 
semiconductor of an III group typical element and nitrogen, 

(6) The GaN single crystal which has the thickness of 500 micrometers or more in the crystal growth direction. 

(7) The manufacture approach of the single crystal substrate by countering in the crystal growth direction and dividing the 
single crystal of the above-mentioned (5) publication. 

[0008] Hereafter, based on a drawing, this invention is explained more to a detail. Drawing 1 is this invention. It is the 
mimetic diagram showing the manufacture approach of an III-V group's nitrogen system compound single crystal. This 
invention The manufacture approach of an III-V group's nitrogen system compound single crystal After growing up the 
buffer layer 2 which consists of matter with good grid adjustment with an in-V group's nitrogen system compound single 
crystal on this drawing (a) substrate 1. On the this (drawing b) this buffer layer 2, it is the purpose by the vapor-phase- 
epitaxial-growth method. It is the manufacture approach of having the process into which an III-V group's nitrogen system 
compound single crystal 3 is grown up. Material gas at the time of the epitaxial growth The chloride of an ID group typical 
element, and NH3 By carrying out and specifying the optimum value of crystal growth temperature and crystal growth time 
amount further In the former, it is fully so thick that it was not obtained. It makes it possible to obtain an III-V group's 
nitrogen system compound single crystal 3. Furthermore, as shown in this drawing (c), this single crystal 3 obtained if 
needed is separated from a substrate side, and it is good also as an independent single crystal substrate. 
[0009] As an ingredient of the above-mentioned substrate 1, it is the manufacture purpose. The grid acliustment over an 
III-V group's nitrogen system compound single crystal 3 is good, and the thermal resistance to the growth temperature 
moreover specified in this invention should be just good. That in which the lattice constant of the a-axis in a crystal 
lattice also usually has the crystal structure of the Ur Die Zeit mold which is less than **5% above all less than **20% to it 
of an III-V group's nitrogen system compound single crystal as matter with good grid acjjustment to an III-V group's 
nitrogen system compound single crystal is desirable. As such an ingredient, a sapphire crystal substrate, a ZnO substrate, 
a SiC substrate, etc. are illustrated, and it is the manufacture purpose by the conventional crystal grown method on these 
substrates further. The substrate which comes to carry out thin film growth of the same thing as an III-V group's nitrogen 
system compound through direct or a buffer layer is illustrated. Also in these substrates, a sapphire crystal substrate and 
a ZnO substrate have the crystal structure of GaN, and since a lattice constant is also near, they are desirable especially 
for the manufacture approach of this invention. 

[0010] The shape of surface type of a substrate is the manufacture purpose as it is. Although it becomes the shape of 
surface type of an m-V group's nitrogen system compound single crystal in many cases, even if it uses the substrate of a 
large area by this invention, it is fully thick without breakage. Since an III-V group's nitrogen system compound single 
crystal can grow, the shape of surface type of a substrate can also use a 5cmx5cm rectangle or the thing beyond it 
[001 1] The ingredient used for the above-mentioned buffer layer is the manufacture purpose. Just good [ the grid 
actiustment over an m-V group's nitrogen system compound single crystal 3 ]. ZnO. BeO, HgO(s), or these compounds are 
mentioned, and it is the purpose out of these. What is necessary is to choose as the lattice constant of an III-V group's 
nitrogen system compound single crystal what is adjusted most or to determine a presentation ratio, and just to use. Also 
in the above-mentioned ingredient the etching removal nature of ZnO by the acid is good, and it is the manufacture 
purpose. It is suitable as matter which uses an III-V group's nitrogen system compound single crystal for a buffer layer 
also from the point separated independently. Although the thickness of a buffer layer 2 is not limited. 0.02-2 micrometers 
of 0.01 micrometers - 2 micrometers of crystallinity of a single crystal to grow up on a buffer layer will usually become 
good by being most preferably referred to as about 0.02-1.5 micrometers preferably. 

[0012] the formation approach of a buffer layer 2 — MOVPE — law (Metal Organic Vapor Phase Epitaxy : organic metal 
vapor-phase-epitaxial-growth method) — The HVPE method (Hydride VPE ; hydride vapor-phase-epitaxial-growth 
method). LPE — law (liquid phase epitaxy) and MBE — law (Molecular Beam Epitaxy: molecular beam epitaxy) — The 
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forming-membranes methods, such as a spatter besides epitaxial grown methods, such as the GS-MBE method (gas 
source MBE law) and the CBE method (chemical beam epitaxial grown method), and a CVD method, are mentioned as an 
effective approach. Since especially the MOVPE method can form the film which is a non-equilibrium state and has a 
certain amount of thickness, it is suitable for formation of a buffer layer 2. Moreover, formation of a buffer layer 2 and the 
purpose It is from a buffer layer 2 only at changing supply of an ingredient, if formation of an III-V group's nitrogen system 
compound single crystal 3 is performed using the same epitaxial growth approach. Continuous growth on the spot is 
attained to an III-V group's nitrogen system compound single crystal. 

[0013] it is the manufacture purpose an III-V group's nitrogen system compound single crystal 3 — said — as [ carried 
out ] — they are the compound semiconductors of the plural mixed crystal which consists of one or more thing in the 2 
yuan compound semiconductors (BN, AIN, GaN, InN, etc.) which consist of an in group's typical element and nitrogen, and 
these 2 yuan compound semiconductor (AIBN. GaBN, GaAIN, InBN, InAIN, InGaN, GaAIBN. InAIBN, InGaBN, InGaAIN, 
InGaAIBN, etc.). These Also in an III-V group s nitrogen system compound single crystal, the most useful thing is a GaN 
single crystal in this invention. 

[0014] Let this invention be the purpose. It has the description important for the growth conditions at the time of growing 
up an ni-V group's nitrogen system compound single crystal 3 by the vapor-phase-epitaxial-growth method, as the vapor- 
phase -epitaxial-growth method for growing up an III-V group's nitrogen system compound single crystal 3 — HVPE — law 
and MBE — law and MOVPE — law and LPE — law and GS-MBE — although law and the CBE method are illustrated — 
desirable — HVPE — law and MBE — law and MOVPE — it is law and crystallinity is good especially from the point that 
an in-V group's nitrogen system compound single crystal 3 can be grown up at high speed — especially — HVPE — law is 
a desirable approach. 

[0015] As material gas, it corresponds to the presentation of an III-V group's nitrogen system compound. The chlorides 
(BCI, GaCI, InCI, etc.) of an III group typical element, and NH3 What was combined is used. For example, in growth of a GaN 
single crystal, it is GaCl and NH3. In growth of an InN system single crystal, it is combination InCI and NH3 The gas which 
consists of combination is used. 

[0016] It becomes possible by making preferably 1000 degrees C - 1200 degrees C of crystal growth temperature into 
1050 degrees C - 1150 degrees C to grow up the target single crystal sufficiently thickly. At less than 1000 degrees C, the 
problem polycrystal-ized. without being single-crystal-ized arises, and when higher than 1200 degrees C, there is an 
inclination whichis [ single -crystal-] hard to beized. 

[0017] The thickness of the request beyond 5cm or it can be obtained as the so-called bulk crystal by it being referred to 
as 500 micrometers or more which was not able to obtain thickness of the crystal growth direction at all by the former, 
and continuing growth further, if crystal growth time amount is 5 hours or more. A crack may occur in a GaN single crystal 
side in less than 5 hours at the time of cooling after a reason without sufficient thickness as a bulk crystal, and single 
crystal growth. 

[0018] As mentioned above, the bulk single crystal of an III-V group's nitrogen system compound single crystal is obtained 
by the manufacture approach of this invention. By separating this from a substrate and a buffer layer, it becomes possible 
to obtain the independent substrate of this single crystal. Furthermore, depending on the thickness of the this single 
crystal made to separate, this can be further divided in the thickness direction, and it can consider as the independent 
substrate of this single crystal. As shown in drawing 1 (c), etching etc. removes a buffer layer 2, or in this part, it cuts 
mechanically and describes above. An III-V group's nitrogen system compound single crystal 3 is separated, and further, if 
it is enough like the thickness of the single crystal 3 made to this separate amounts to 10mm, it can divide this in the 
thickness direction further, and can consider as the independent substrate of this single crystal. What is necessary is just 
to perform the division concerned by the approach of the very thing known. 
[0019] 

[Function] According to the manufacture approach of the above-mentioned compound semiconductor single crystal, 
generating and breakage of a crack can be avoided now at the time of cooling after single crystal growth of an III-V 
group's nitrogen system compound. Moreover, this invention The bulk single crystal of an III-V group's nitrogen system 
compound has the thickness of 1mm or more, if enough like the thickness amounts to 10mm, can divide this in the 
thickness direction further, and can mass-produce the independent substrate of this single crystal easily 
[0020] 

[Example] Hereafter, an example is shown and this invention is explained concretely. 

Example 1 this example shows the example of manufacture of the GaN single crystal independent substrate which divides 
the bulk single crystal of GaN, and this further, and is obtained, the lOOnm buffer layer which consists of ZnO by the 
spatter on 5cmx5cm and silicon on sapphire with a thickness of 300 micrometers — forming — this buffer layer top — 
receiving — HVPE — the GaN single crystal was grown up by law. It is material gas to supply GaCl and NHS When it 
carried out, epitaxial growth was carried out where growth temperature is maintained at 1100**50 degrees C, and growth 
time amount was made into 300 hours, the 30mm GaN single crystal grew in the growth direction. Subsequently, etching 
removal of the ZnO of a buffer layer was carried out. the above-mentioned GaN single crystal was separated from the 
substrate side, and the crystal lump GaN single crystal independent [ huge ] which cannot get was obtained in the former 
of 30mm in 5cmx5cm and thickness. Cutting division of the GaN single crystal obtained above was carried out in the 
thickness direction using the diamond scriber, and several many substrates 5cmx5cm and GaN single crystal independent 
[ with a thickness of 300 micrometers ] were obtained. 

[0021] In example 2 example 1, when growth time amount was made into 10 hours (example 2). 50 hours (example 3), and 
100 hours (example 4), respectively, the GaN single crystal (1mm (example 2). 5mm (example 3), and 10mm (example' 4)) 
grew in the growth direction respectively. Subsequently, etching removal of the ZnO of a buffer layer was carried out, the 
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above-mentioned GaN single crystal was separated from the substrate side, and the crystal lump GaN single crystal 
independent [ huge ] was obtained. 

[0022] The ingredient which forms a buffer layer is set to 2nO in example 5 example 1, and it is material gas InCI and NH3 
The InN bulk single crystal was similarly produced except [ all ] having carried out. The 1mm InN single crystal grew in the 
growth direction in this way. Subsequently, etching removal of the ZnO of a buffer layer was carried out, the above- 
mentioned InN single crystal was separated from the substrate side, and the crystal lump 3cmx3cm and InN single crystal 
independent [ with a thickness of 1mm ] was obtained. 
[0023] 

[Effect of the Invention] It is this invention as explained in full detail above. By the manufacture approach of an HI-V 
group's nitrogen system compound single crystal, generating and breakage of the crack of this single crystal can be 
avoided, and it has the thickness of 500 micrometers or more in the crystal growth direction. An III-V group's nitrogen 
system compound single crystal is obtained. By separating this single crystal from a substrate, it was not obtained by the 
former. An m-V group's nitrogen system compound, especially the bulk single crystal of GaN are obtained. Furthermore, it 
is **. Though it is a large area like 50mmx50mm. since the bulk single crystal of an III-V group's nitrogen system 
compound will be able to become so large-sized that it amounts also to 50mm, it divides the thickness of the crystal 
growth direction with the thickness of a request of this in the crystal growth direction, and becomes possible [ obtaining a 
single crystal independent substrate ]. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the type section Fig. showing an example of the manufacture approach of an m group's nitrogen system 
compound single crystal. 
[Description of Notations] 

1 Substrate 

2 Buffer Layer 

3 Single Crystal of III Group's Nitrogen System Compound 
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^Eiirf. ^^^<Dm^x\-mMn<Dmsm^w,mz 

®H-r^JE&*(CJ:DGaNj^i^ai^a^SL, ?^«fc/hffi 

^mtLiy. ^^\ztf^f)^^^m(D\u-vmo:>^m^it^ 

50 <KiiT^. i^J.-::). ^n^rKjgT^;^35^or::5gS<3D 
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3 

cfct^iSga^s^p^^«Fsr^ci:tc<toT> m m-v 

[0 0 0 7] ifWm&sT<D^WL^^^^%(D-t^^^. 

(1) S«-LtC:A**;/7TS^£^^bMA*-;:7TS±lC^ 

12 0 OICiiL.. ^a^fi^W^5^M£^±a:f 

( 2 ) II immmitm t^mt: (Di\:%m^mm'^G a n 

R IIIffl^A^7C*<7:)m^[:«K?;&^G aC 1 T*^ 

(1) iBito^b^ife^S#*igaa)Kigir}*„ 

(3) ^m,ti^. i?->'T-<TlKaS«T*^ (1) ESc^) 

(4) ^fflXtr^'^S^^;l.fiK:^ffi;^|t, HVPEj*. MO 
VPEfe, XtiMBEteT*^ (1) IB«fea>fl:-&«&4^# 

(5) jea^Kfi*fnJtC5 0 0 Mm£il_h(Dff^^%-r'5 I 

(6) iea)5ftS:SfRltr 5 0 0 Mm£A±CDj?^^:fr-r^G 

(7) ±15 (5) mm<D^^^^. iiss^s^i^tcMfni 

[0 0 0 8] £tT, Sffit::S-::?^*%??<^J:0Pffltc3£ 

?gr^o in-ym(^mmmt^m^ 

igS<o®it::&S^^t-|iiCST*^o *^?g<7) iii-v 

m<D^mmt'^mwm^(Dm3t-^m^. mm (a) s« 

I Jitc. Ill- VS^co^^Sit'&iKJ^iBSarco^&^S^ 

[pI^ (b) ^Ay>'rS2±tc. ^ffixtr^^v-v^j^iK 
SfetCctoTBKKT) iii-V:K<^^^^^Yb'&«er^ig®3 

iii:^nr«Bt-r^t)COT*^o ^f^^^\z.. nm (c) 

[0 0 0 9] ±l2SKlCD#i^chL'Xti. I 

II - vm<D^mmt^mw-m^ s tc?*'r-2>=KTS'&fe;^/^ 



(3) #IB¥7-2 7 3 0 4 8 

bT^i. iSa*&^fC:fett^a$ftCDt&T^Sc^^ III-V 

•m<D^mm\i'^mmi^^(o^n\zn\^x. ®«± 20% 
©agiwo iii-vfi^cD^3g5^ib^«i?i:(^i;feco^it^ 

ab^ iii-V]KcDS3g?S<t;^%^«SSc7)^ffi?i^<^t?5:^ 

[0 0 1 1] ^mz-^yy rmizm^^^n^^wt.. mm 
m^(D ui~vm(D^mmit'^^mm^3\zn'r^^'f' 

mzmhrn^t^^oy^msiv. ^rMm^it^^^v 
xm^^n\i^\^>. ±^mn<Dtj:f}^xh. zno^^:. miz 

so Ymc^^mmit^mmf^^^mmiz^mr^j^f)^ e» 
/^yyTmizm^^^m'mti.xitFmx$>^. /^^yrm 
2<Dm^\-^^^'^n^^<Dx\-±y3:^^t)^. mn. 0. 01 

um-^Z um. itjF^V<\tO, 0 2 — 2 wm, 
U<lS0. 0 2 — 1. 5 iLmmmt'r^:it\Z^'oX. 

[0 0 12] /-^ y y r m 2 (Dm&:^m\t. movpe^* 

(Metal Organic Vapor Phase Epitaxy : ^SS^lgSL^S 
xtri^:^^>-i-;l^figS^) , HVPEft (Hydride VPE : 
40 A>f H^-f Hf[ffiXlf5'4^->^;l'^£giS) , LPES 
m^J^\fi^^zy^)Vm&m . MBEj* (Molecular 
Beam Epitaxy : ^^^^xfc^^:^v'^;l/^£6S) . GS- 
MBEffi (:^XV— XMBE}£) , C B Eft 
lf-AXt!3^4^v"^;^|£gfe) ^OXe^+>-^;l/^Kfi 

tvxm^f^n^. mz. uovpEmt$^^mmm 
j'<vyTm2<Dm^\z\t»mx$>^o ^tz. /-^yy 

50 ZOWmii^. I^Dxtf^^>'^Jl.j5KS::&ft^^V>TfT 
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(4) 

5 

[0 0 1 3] saigswT^^ ni-vmo^mm\u'^m 

^ti^^tSi^2 7t(D^'^m^m^ (BN. A 1 Ga 

N. inN^) . ^^n^n^2 7to:>it^m^M»o)^ 
^(D i&,±.(D%<Di)^^-fs.^s^7tm^<Dit^m^mw- (a 

IBN, GaBN. GaAlN. InBN. InAl 
N, I n G aN. G a A 1 BN. InAlBN. InG 10 
aBN. InGaAlN. I n G a A 1 B N^) Tfc 

2^^g3{C:feViT^t)Wffl:^'bCOtSGaN#«SST^^o 
[0 0 14] ifmM\t. @«]i:t-^ III- VK<7)|§^|^ 

:^$it^BS<Dj6SiS^frfcS^;^«^IS^£Wr-So III-V 

ir;l/fiefi?*<i:bTti, MBEffi. MOVP 

Ei£, LPE^. GS-MBE^, QB'E^tmTR^ri 
^ifi. <ff ^L<tiHVPES. MBEffi. MOVPEft 20 
-r*0. ;^:^^7?feigattcoStiff;4 III- VSKOSsg^lt 
■^m^^^ 3 ^ifftCH V P E^4 

[0 0 1 5] iS3(Bj:^xi:UT^5, iu-'vm<Dm.mmt 
"^mo^umzi^^st^ lum^kmytmoMit^ (bc 

1, GaCK InCl^) <hNH3 <£ffi^'&:b-l^:t t) 
CD^filfflT^o m^\i. GaN^iSSCD^fit-tlGaC 
1 tNHa ^coffl;5f.^t?1i:^, I nN?S^JgacD^RSt' 

[0 0 16] 1 0 0 0*0-1200 

■c. iff^u<fti 0 5 ot:-'i 1 5 ox^hT^^ihizx 
;^^o 10 0 ot:*ss^t3:, misa>fc$n-rtc^j!gs>n^ 

[0 0 17] jgS^SSerati. 5^W£l±Tfen«, «g 

3gi^tC:tel'iT, GaN#te^<l!ltr^^:y^;eft^^t'^:: 

[0 0 18] ±l2CD<t"9tC. *Sge^<^M3§?&^ttCcJ;-=> 
III - VlSo^^?^>fl:;^ife^igSon;U^$7^jigS;0^ 



!RrBH¥7 - 2 7 3 0 4 8 

6 

^TLiifAx^^. m\ (c) (c^f^^tc, A-/:7r^ 
«tc«»fb. ±|B iii-VKco^?g?^{|:^f^¥i^a3^ 

^«i ommtc3ir^^s^*o[)^ij^ft:t)<z)-^&n«, ;in 

[0 0 191 

I II - Y-m(o'^M^^^m(D^^^^Si^<o}^mm\z. 
\^\z^mv. ^^^^(o^^mWi^^mizmmt^^itL 

[0 0 2 0] 

tC^fiJbT#en^G aN^SgSmSfiCDSKoSigfiaj^ 

^Tc 5 cmx 5 cm. iS^ 3 0 0 Mmc^-!t:7r'1'TS 
«±tC, XAu/^'jStC^oTZnO.tO;^^ 1 0 0 nm 

VPESt'.fcoTGaNmiea&££fi$1i:fCo #^j^TS 
®3^:9X^GaC 1 (tNHa ^iL. JBS:^?^*^ 1 1 0 0 

±s ox:\zmmvfz.^m'VJi^d^^>^^r)VWL&^'^. & 

^mm^3 0 0mmLVr:iL:i^^^:^\^{Z3 OmmO 
GaN^^a^^t^Sfibfcio '^(^^TA*:y:7r®C0ZnO^& 
Xy^>^^SL, S«fi»>6±IBGaN#Jga^5J'K 
LT, 5 cmX 5 cm, JP$ 3 0mmi:Vi'5fie*Tt5# 

;^Co ±fB'r#^»n;tGaN#iSa^i5^-f ir^>H • 

A-<£>^ViT®;?»::;&fojtc«ffi^SIL.. 5 cmx 5 c 
m, 3 0 0 MinOG aN^iea^fflt^SK^t^Scft 

[0 0 2 1] 

uss^iji j':fev^T. ££:g^w^, -^n-s^ni 0 (H 
Mm2) . 5 oier^ (iisfiws) , 1 0 omm (Mmm 

4) tVTzt:!^. €-^^£S:5r«I(Cl mm (^Jgfiaj 
2) , 5mm , 1 0mm (^SS*^4) OG 

aN*iea:0^)5Kfib;^Co -^V^^A^y :7r©©Z n 0$:X 
^y'^>^m^V. SSM7&^e.JtlBGaN*ieS^5J'^L 
T, g:;t;^GaN#;^a*3ffi<^)^a«^#;^Co 

[0 0 2 2] mmms 
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(5) 

7 

NmilSS=&4>SiLT> 3cmX3cm, 1 mmCD I 
[0 0 2 3] 

K-bP5Eb?hJ:5tC, *:5SBJcd III-V 
tC5 0 0 AtmWiCOiS^^&^T'rS III- V«^C0S?g5^'fb 



^RfIB* 7-273048 
Ommx 5 0mm3EcO;*cM^^*D?5::?&^5>, -^OJlgajES 

1 s« 

3 IimcD^sgJ^ft^ifeomSSa 
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